The occurrence of osteo-arthrosis in multiple joints was noted by Adams (1857) . Cecil and Archer (1926) observed that the condition was more often polyarticular than monarticular in patients attending their rheumatism clinic, occurred mainly in middle-aged females, and was usually associated with Heberden's nodes; they labelled the condition menopausal arthritis. Stecher (1941 Stecher ( , 1955 investigated the families of 64 patients with Heberden's nodes, and found the condition twice as frequently in the mothers and three times as frequently in the sisters of affected women as in the general population. He postulated that the nodes were inherited as a Mendelian dominant in females and as a recessive in males. It was apparent from his findings that arthrosis of the distal interphalangeal joints of the fingers had a hereditary basis. Although the proximal interphalangeal joints of the fingers were involved in 25 per cent. of Stecher's cases, he did not find clinical evidence of any association with osteo-arthrosis of other joints. Kellgren and Moore (1952) , on the other hand, from a study of 391 patients with osteo-arthrosis attending a rheumatism clinic, found evidence of an association of Heberden's nodes with a distinct pattern of joint involvement, including the first carpometacarpals. the proximal interphalangeals, the apophyseal joints of the spine, the knees, and the first tarsometatarsals. This association of Heberden's nodes with multiple osteo-arthrosis was later confirmed by x-ray studies on a random sample of the population of Leigh, Lancs., and the characteristic pattern of joint involvement was corroborated (Kellgren and Lawrence, 1958) . Whilst indirect evidence of a hereditary basis for a generalized form of osteo-arthrosis was thus forthcoming, it was felt that this should be confirmed by a direct approach and that steps should be taken to discover whether the mode of inheritance postulated by Stecher for Heberden's nodes also applied to this generalized form of osteoarthrosis.
In addition, it was felt that other forms of multiple osteo-arthrosis of varying aetiology might exist, some associated with occupation, others with a genetic factor. Certain rare forms are already known to occur, for example the type associated with ochronosis, and the multiple osteo-arthrosis associated with gout may well be more frequent than is generally supposed. Rheumatoid arthritis has also been postulated as a cause of osteo-arthrosis. An inherited tendency to multiple osteo-arthrosis is also known to exist in certain strains of laboratory animals and these have been studied extensively (Silberberg and Silberberg, 1955; Sokoloff, Mickelsen, Silverstein, Jay, and Yamamoto, 1960; Sokoloff, Crittenden, Yamamoto, and Jay, 1962 Yorkshire, surveyed in 1958-59 . The methods of sampling in Leigh and Wensleydale have already been described (Kellgren and Lawrence, 1956; Lawrence and Bennett, 1960; Bremner, 1961) . X rays were taken of the hands, feet, knees, pelvis, and cervical and lumbar spine-the pelvis being omitted in those under 55 and the lumbar spine and knees in those under 35 years of age. When the x rays were read, the joints were divided into groups and a grading for osteo-arthrosis was given to each group based on the worst affected joint. Thus the ten distal interphalangeal joints of the hands were considered as one group and all the apophyseal joints of the cervical spine as another. In this way the joints x rayed were divided into thirteen groups. The probands chosen were those persons aged under 65 in the population samples in Leigh and Wensleydale who had definite radiological evidence of osteo-arthrosis in six or more groups of joints and had first-degree relatives living within defined areas in Lancashire and Yorkshire. The number of six affected joints was chosen as indicating a definite generalization of the pathological process.
(It was considered preferable to define the probands in this way rather than to use a grading for generalized osteo-arthrosis which is more difficult to classify.) Disk degeneration was not included in assessing osteo-arthrosis of the spine. Possible probands aged 65 and over were excluded because of the high proportion with multiple osteo-arthrosis in this age group, and because it was felt that the main influence of a genetic factor, if it existed, would be to induce an earlier onset of osteo-arthrosis. Without the qualification of accessible relatives, the total number of probands available according to our criteria amounted to 62: 25 males and 37 females. Those with relatives who could be examined numbered 52: 20 males and 32 females.
Heberden's nodes were observed during clinical examination in seven of the twenty males and 25 of the 32 females (Table I) . As osteo-arthrosis rarely develops before the fifth decade, Table I also shows separately the probands with relatives aged 45 and over. The grouping by clinicallyobserved Heberden's nodes and by spread and severity of osteo-arthrosis observed on radiographs shows that the disease tended to be more severe in the probands with nodes (referred to hereafter as "nodal"). As indicated, four of the thirteen male probands without nodes (referred to hereafter as "non-nodal") suffered at the same time from inflammatory polyarthritis. This may be compared with 3 per cent. in the Leigh random population sample aged 55-64 (Kellgren and Lawrence, 1956) ; the difference is statistically significant at the 1 per cent. level. No excess of this feature was found in the other probands. One of the male "non-nodal" probands with inflammatory polyarthritis was also suffering from a moderate degree of psoriasis and one of his offspring showed doubtful signs of the disease; we are not certain whether some minor manifestations of psoriasis may not have escaped observation as the relevant clinical question was not routinely asked at the time. There were nine miners among the thirteen male non-nodal probands (69 per cent.) and four cotton workers among the seven male nodal probands (59 per cent.), compared with expected percentages of 40 and 10 respectively. This suggests that the occupational factor may have played a part in the early onset of multiple osteoarthrosis in the male probands. The occupational distribution of the female probands does not markedly differ from expectation: the majority were housewives and the next most frequent occupation was work in the cotton mills, irrespective of whether the probands were nodal or non-nodal. Except for (Table II, below) .
The clinical and radiological examinations have been described in an earlier paper (Lawrence and Ball. 1958 ) and were identical with those used in the random samples in Leigh and Wensleydale.
The rheumatoid and osteo-arthrosis family studies were for the most part run concurrently with the examination of random samples of households in the area, and they were so arranged that the assessors were not aware of the disease of the proband when examining the relatives.
Since over two-thirds of the probands and ninetenths of the relatives lived in Leigh, the Leigh random sample only was used as a control.* There were in fact no significant differences between Leigh and Wensleydale as regards the number of joints affected by osteo-arthrosis. The amount of erosive arthritis was almost identical in these two surveys, but clinical inflammatory polyarthritis was recorded as slightly more frequent in the Wensleydale males and clinical Heberden's nodes as slightly more frequent in the Wensleydale females. The sheep cell agglutination test was more often positive in Leigh. The observer whose readings have been used throughout this study read the Wensleydale x rays at other times than those of the Leigh random sample and family study, and the clinical examination was done somewhat later. However, a second observer who read the x rays of both random surveys mixed came to essentially the same conclusions. As regards the clinical findings, intraobserver difference over time cannot be excluded.
Gradings for osteo-arthrosis vary between different observers, and the same observer does not always * The controls included the whole of the 1954 and 1956-59 surveys, plus a further twenty males and thirty females over 65 years of age examined at the time but not included in previous reports. In Tables III and IV, however, only that half of the 1954 sample which constituted the 55-to 64-year age group in the 1956-59 survey was used, since the remainder were not read for multiple osteo-arthrosis in the simultaneous mixed x-ray readings of random samples and relatives which have been used in this study.
grade an x ray identically on successive occasions. The probands were selected on the basis of previous x-ray readings in which the gradings recorded were not necessarily the same as those recorded when the films were re-read in this study as part of the random sample. To make allowance for such variations, more stringent criteria were applied to the selection of probands than were subsequently used to establish the diagnosis of multiple osteo-arthrosis, and there is little likelihood that any probands have been selected who would in the later readings have fallen below the gradings for multiple osteo-arthrosis recorded in this paper.
The further statistical procedure employed was as follows: For each sex-age group of the Leigh random sample, rates per 100 of the population with 1+, 3+, and 5 + joints affected by osteoarthrosis were calculated to obtain the rates expected had the relatives in this study experienced osteoarthrosis at the same rates as the general population of Leigh (Table III, below). As the age distributions in the random sample and the relatives differed, the expected rates for the broader divisions in Table III were calculated as mean rates weighted according to the age distribution in the relatives. The same method was applied to obtain the eoxpected rates in relation to other factors studied in subsequent Tables. These Tables should be read  together with the appended Table A , which shows the age distribution by decades of the relatives of the probands in various categories. Although still further detail is not given, it will be readily understood that any difference that did exist between observed and expected rates in the characteristics considered were generally more pronounced in the higher age groups. Not to over-estimate the significance of the differences between observed and weighted expected rates, it was decided that when the weighted expected rates were translated into numbers they should be applied to not more than 70 per cent. of the population sample from which the individual rates on which they are based were derived.* The random sample would not ANNALS OF THE RHEUMATIC DISEASES (Mainland, Herrera, and Sutcliffe, 1956; Diem, 1962) Table III . Apart from the 15-to 24-year age group, there was a fairly even distribution up to age 64, after which the numbers tailed off in both sexes, more rapidly in the males but in accordance with general population trends.
Results

Osteo-arthrosis in Relatives
In Table 1II the percentages of joints affected by radiological osteo-arthrosis of at least the minimal grade in relatives are compared with the expected rates. Of the 84 male relatives, sixteen (19 per cent.) had osteo-arthrosis in five or more groups of joints against an expected rate of 10 per cent. Of the 97 female relatives, 27 (28 per cent.) had osteoarthrosis in five or more groups of joints against an expected 15 per cent. These differences are significant at the 5 per cent. level in males and at the 1 per cent. level in females. The differences did not appear till the 6th decade in males and the 5th decade in females, and they are therefore larger and more significant if only the 45+ age groups are considered, the I per cent. level being reached in males and the 2 per thousand level in females. The number of relatives with no osteo-arthrosis was only slightly lower than expected, and at the level of three or more joints affected the difference is not as striking as at the level of five or more joints. It is clear that it is the multiple joint involvement which is familial and not the osteo-arthrosis as such.
Of the 24 spouses aged under 65 of the probands who were examined, three had osteo-arthrosis in five joints or more. Twenty of these spouses (13 males and 7 females) were in the 55-to 64-year age group, and all of those with osteo-arthrosis in five or more joints were in this age group. The proportion at this age was thus 15 per cent. which may be compared with 14 per cent. expected in the population sample and 38 per cent. in the relatives. It may be concluded that the familial aggregation of multiple osteo-arthritis is in all probability genetically deterniined.
Since the relatives aged under 45 years did not show differences from the expected rates in multiple osteo-arthrosis or any of the other characteristics analysed in Tables IV to IX, these Tables deal only  with In view of the very significant association between Heberden's nodes and multiple osteo-arthrosis found in the Leigh population sample (Kellgren and Lawrence, 1958) , and of the findings in this study, it seems most likely that in multiple osteo-arthrosis at least two genes are involved, one of which is associated with the occurrence of Heberden's nodes, the other(s) being independent of this feature. In an earlier study of the families of persons with rheumatoid arthritis, a slightly increased prevalence of multiple osteo-arthrosis was observed in the relatives (Lawrence and Ball, 1958 One relative counted in two subgroups. The S.C.A.T. negative non-nodal male proband with psoriatic arthritis had one brother and three sisters aged over 45 years examined. In this family radiological rheumatoid characteristics affected only two of the sisters, who both had also widespread multiple osteo-arthrosis and Heberden's nodes (on the second reading their films were not regarded as definitely rheumatoid).
These two families explain the concentration of rheumatoid characteristics in the female relatives of the male non-nodal probands.
It should be mentioned that there were two further S.C.A.T. positive rheumatoid arthritics among the male non-nodal probands, but one of them had only two young daughters, and the other had two siblings over 45 years and two young offspring included in the study none of whom showed rheumatoid characteristics. The fact that amongst the thirteen male non-nodal probands with more than six joints affected by osteo-arthrosis there were three S.C.A.T. positive and one S.C.A.T. negative arthritics must, however, be taken into account in considering the origin of multiple osteo-arthrosis, particularly in non-nodal males.
The remaining S.C.A.T. positive rheumatoid arthritic proband was a nodal female and is of particular interest. She had a serum cholesterol of 360 mg./100 ml.
Her mother, aged 91 years and bedridden, had osteoarthrosis with Heberden's nodes, gross porosis in all bones x-rayed, and rheumatoid arthritis. Her S.C.A.T. titre was 1 in 8 and the test was therefore negative.
One brother had a positive S.C.A.T. (titre 1 in 128) and had been unable to work for 3 years because of pneumoconiosis. He had no rheumatic symptoms and only doubtful erosive changes in the head of one 5th metatarsal bone.
Another brother had osteo-arthrosis in four groups of joints and hypercholesterolaemia (401 mg./100 ml.), but he had a negative S.C.A.T. and no evidence of rheumatoid arthritis.
A third brother had asymptomatic subluxation of the lateral metatarsophalangeal joints but was otherwise normal.
The only sister examined had generalized osteoarthrosis with Heberden's nodes and her serum cholestero lwas 366 mg./100 ml, She also had erosions in the metacarpophalangeal and carpometacarpal joints, which were regarded as rheumatoid on the second reading.
One young offspring was examined but was apparently normal.
The proband originally recorded as having osteoarthrosis secondary to rheumatoid arthritis was a nonnodal female who had one male and six female relatives aged over 45 years examined; two of the latter had rheumatoid arthritis, and one of these also had multiple osteo-arthrosis.
Finally, the two probands with doubtful S.C.A.T.s were both females, one nodal, the other non-nodal.
The latter (non-nodal) female had three brothers and one sister aged over 45 years examined; two of the brothers were S.C.A.T. positive but had no definite evidence of arthritis, the sister showed clinical rheumatoid arthritis, and all three had multiple osteo-arthrosis.
The former (nodal) female had one brother and three sisters aged over 45 years examined; one of the sisters had minimal radiological arthritis and another had clinical rheumatoid arthritis with multiple osteo-arthrosis.
For completeness it is mentioned that the female nodal probands also included one S.C.A.T. positive nonrheumatoid, who had only one relative over 45 years examined (who showed no abnormalities) and one young daughter (whose only abnormality was that she was S.C.A.T. positive).
Altogether there were nine male and nineteen female relatives over 45 years with rheumatoid characteristics. Three males and ten females belonged to the six families just described, so that familial aggregation has been traced in about half of the subjects in question. The remaining relatives with rheumatoid characteristics occurred in families with only one to three relatives over 45 years examined, in which the proband did not obviously show such characteristics.
It would thus appear that, at least in the families of individuals with multiple osteo-arthrosis, rheumatoid characteristics have a definite familial aggregation, though clinical, radiological, and serological changes may be scattered in kind and degree among the affected members.
Four of the 52 probands had sero-positive rheumatoid arthritis and one had sero-negative psoriatic arthritis, and four of these five were males and had no clinical Heberden's nodes. As it happened, they had mainly female relatives 248 group.bmj.com on January 12, 2018 -Published by http://ard.bmj.com/ Downloaded from GENETIC FACTORS IN OSTEO-ARTHROSIS examined and this largely explains why in this study rheumatoid characteristics in the non-nodal families show such a distinct preference for females. If the probands were added to the relatives this sex difference would be greatly diminished, but the difference between nodal and non-nodal families would stand and clinical Heberden's nodes would still appear to be useful in distinguishing between primary and secondary osteo-arthrosis.
Pattern of Joints Affected by Osteo-arthrosis
All joints except the hips were more frequently affected by osteo-arthrosis than expected in the relatives, but the differences were most marked in the case of the upper limb joints and neck, less so in the lumbar spine, and least in the weight-bearing joints.
Between the relatives of nodal and non-nodal probands there was little difference in the males, but in the females both the distal and proximal interphalangeal joints of the fingers were more severely affected in those belonging to nodal probands. The "non-nodal" females on the other hand showed more osteo-arthrosis in the metacarpophalangeal joints and in the wrists. The general trend is thus for the "nodal" females to reflect in their joints the pattern of involvement described by Kellgren and Moore (1952) in primary generalized osteo-arthrosis, and for the "non-nodal" females to reveal a pattern consistent with osteo-arthrosis secondary to inflammatory polyarthritis.
Most of the nine female relatives of the non-nodal probands suffering from inflammatory polyarthritis also had widespread osteo-arthrosis.
Of the five whose proband was a female, two gave a long history of rheumatoid arthritis and appeared to have developed osteo-arthrosis in the rheumatoid joints, most of the joints of the hands and feet being affected; in one of them no evidence of erosive arthritis was found in the films of the hands and feet and she had a negative S.C.A.T.; the other had severe erosive arthritis but no blood sample was available for testing. In two others, both of whom had a negative S.C.A.T., the rheumatoid arthritis was of more recent onset and could have supervened on the widespread osteo-arthrosis, which, however, showed involvement of some joints in females rarely affected by nodal osteo-arthrosis, especially the metacarpophalangeals and wrist joints. In the fifth there was no osteo-arthrosis. The distribution of osteo-arthrosis in all the female non-nodal probands was, as in the affected relatives, atypical for nodal osteo-arthrosis; two of these probands, though not suffering from rheumatoid arthritis, were mentioned in the above description of the aggregation of rheumatoid characteristics in a few families. Of the four female relatives with clinical rheumatoid arthritis who belonged to male non-nodal probands, all had some osteo-arthrosis, but in only two was it widespread. Here again the unusual involvement of the wrists and metacarpophalangeal joints was found. Three of these relations belonged to the same proband with severe rheumatoid arthritis.
The male relatives do not seem to follow the pattern of joint involvement observed in the female relatives. This may be partly because the male relatives are younger, particularly in the "nodal" families, but it seems likely that some other factor plays a part in the males. Gout is known to predispose to osteo-arthrosis and is found chiefly in males. It was possible to test the serum uric acid in only fifty relatives of all age groups and both sexes and in only 34 probands in this survey. There was a shift towards higher uric acid levels in the male relatives of both nodal and non-nodal probands, which corresponds to a similar shift in the male probands. The difference from the expected values is not easy to assess because two different methods were used in the determination of serum uric acid; full details are not given here, but we think that this difference closely approached the 5 per cent. level of significance. No such shift was encountered in the female probands and relatives, who showed the same distribution of uric acid levels as the random sample. More information on this point will be available when the relationship between serum uric acid and osteo-arthrosis in the random samples of the population has been studied.
Superimposed occupational patterns of joint involvement may also play a relatively more important role in males. Nearly 70 per cent. of the male relatives aged 45 years and over were miners, workers in other heavy industries, outdoor workers, or general labourers (compared with 60 per cent.
in the population sample), and these are known to be prone to osteo-arthrosis in various joints. In both sexes osteo-arthrosis of the weight-bearing joints is undoubtedly determined to some extent by body habitus and this may explain why these joints do not reflect hereditary influences so closely. 
ANNALS OF THE RHEUMATIC DISEASES
This applies also to the probands. As far as can be judged, however, the findings in the probands were similar to those in the relatives of the appropriate age groups. The available data were expressed in mg./ 100 ml. above and below the appropriate age and sex mean in the population sample (London, Muirden, and Hewitt, 1963) and then formed into five groups, average values to comprise deviations of up to ±20 mg./100 ml., moderate deviations ±21 to 60 mg./100 ml., and strong deviations ±61 and more mg./100 ml. from the appropriate mean.
The main results of an analysis of the findings in the relatives by the presence and absence of Heberden's nodes in the probands are shown in Table X (Fig. 3, opposite) , but the nodal type may simulate hook erosions and so reqult in an erroneous diagnosis of osteo-arthrosis secondary to rheumatoid arthritis. Bone cysts are present in both types of osteo-arthrosis.
Serum Cholesterol Levels
The serum cholesterol levels in our sample were studied from various aspects. These data are somewhat less complete than those on the S.C.A.T. since sufficient serum was not available for all tests in all instances. 
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undue depletion in the ranks of the male relatives in the higher age groups. The occupational distribution offers no obvious explanation. Curiously, the male relatives of the non-nodal showed even higher values than those of the nodal probands in both age groups, which also amounts to statistical significance at the 1 per cent. level; however, the four sons, all with at least moderately raised serum cholesterol, of a male non-nodal proband weigh somewhat heavily in this small sample.
A similar analysis of serum cholesterol levels by the presence and absence of Heberden's nodes in the relatives themselves, aged 45 + years, showed no significant difference, but the findings in the females from age 55 onwards suggested higher cholesterol levels in those with nodes, while the males again showed the opposite trend.
These data have been given in the hope that they may be of interest in connexion with further studies, but the groups are small and-in view of the many factors known to influence the serum cholesterol level-it would be unwise to draw any conclusions at this stage. the male non-nodal probands, while the few female non-nodal probands concerned did not themselves cholesterol in the 15-to 44-year age group; this is statis-suffer from inflammatory polyarthritis, but some tically significant at the 1 per cent. level. On the other of them belonged to families in which characterhand, a comparison with the Registrar-General's data istics belonging to the rheumatoid syndrome were for the South-East Lancashire conurbation showed no aggregated. It would seem that persons inheriting Stecher (1955) suggests, it should in general occur only in males who are homozygous for the nodal allele and be absent only in females who lack the nodal allele. The frequency of Heberden's nodes in our random population sample is consistent with such a hypothesis. In favour of this also is the fact that, in female relatives aged 45+ of nodal probands in this survey, Heberden's nodes Grade 3-4 were found eight times more often than expected when the proband was a male but only four times more often than expected when the proband was a female. It As an example of an environmental cause for Heberden's nodes, their high prevalence in cotton workers may be noted (Lawrence, 1961) , but the findings in the female relatives of the male nodal probands would not support the theory that Heberden's nodes due only to environmental influence are frequent in males suffering from multiple osteo-arthrosis.
In no instance did S.C.A.T.-negative polyarthritis occur in both spouses in the population sample of Leigh and Wensleydale, which included 1,200 married persons. The prevalence of S.C.A.T.-negative polyarthritis in this population sample was 2 9 per cent. or one in 34, so that by chance both spouses would be expected to be affected one in 342 = 1,220 matings. Thus it is unlikely that environment, at least in adult life, is responsible for this familial aggregation. An When the relatives were divided into two groups according to the presence or absence of Heberden's nodes in the proband, definite multiple osteoarthrosis was equally prevalent in both groups, but there was a distinctly higher prevalence of severe multiple osteo-arthrosis (Grade 3 and 4 in at least three groups of joints) in the relatives of the "nodal" probands.
Clinically-observed Heberden's nodes of moderate or severe grade were found in 45 per cent. of female relatives of "nodal" probands (only 10 per cent. expected), and in 13 per cent. of female relatives of "non-nodal" probands (10 per cent. expected).
Clinical inflammatory polyarthritis was present in 38 per cent. of female relatives of "non-nodal" probands but in only 10 per cent. of female relatives of "nodal" probands, the expected rates being 8 and 10 per cent. respectively.
Radiological evidence of erosive arthritis was difficult to assess in this sample, but appeared to be more frequent in the female relatives of non-nodal probands. Morning stiffness also showed a slight increase over the expected rates in this sub-group. 
